Reinforced concrete has been the material mainly used in the repair of traditional structures of historic buildings. However, since the end of the 20th century, it began to question its use, especially for damages arising from corrosion of steel. An alternative is lime concrete reinforced with Glass Fiber Reinforced Polymer (GFRP) bars. Current lime concrete provides a high compressive strength and prevent problems such as cement alkalinity. GFRP bars provide the necessary tensile strength. Its modulus of elasticity and adhesion, improved by various mechanisms, allows good compatibility with concrete lime. Mechanical characteristics of the mixture are studied together to withstand the tensions and compressions in historic buildings. This new material is progressively replacing to Portland cement in the restoration of architectural heritage.
Introduction
In the early 20 th century, a change began to produce in the structural design of the historical buildings, due to they were restored. At this moment, traditional materials began to be replaced by the material of the time: reinforced concrete. This material had attributed particular favorable characteristics: resistance, durability, plasticity, versatility, faster manufacturing, material control and lower costs.
The reasons for its spread were very diverse, from social and historical factors, to economic and technical. Its use led to changes in restoration processes of historic buildings, bringing to the disuse of traditional materials and the loss of skilled labor, forgotten how to restore buildings with the original materials: stone, brick, wood and mortars (lime, gypsum,…) [1] . The use of these traditional materials it was considered out-of-date.
The versatility offered by the reinforced concrete promoted multiple damaged structural restorations. It provided advantages over performances on original woodwork detached from the masonry walls, in reinforcement of structural elements, such as arches, vaults, domes and towers, with injections of cement to make more rigid facings and decorative elements damaged.
Also, low resistance that presents traditional structures (stone, masonry) took part in the introduction of concrete in the process of restoration, because it distrusted its stability. However, cracks and fissures are one of the ways that the masonry has to support loads, creating joints that allow it to move without collapsing [2] .
Unfortunately, the durability of these works with reinforced concrete has not been expected, leading to a rapid deterioration process in some of them. In the 1980s, different positions begin to appear about the heritage restoration, leading to the emergence of various alternatives for the same problem. Of all these, we can distinguish two slopes.
On the one hand, those who defend the recovery of traditional techniques and the study of structural behavior of historical buildings, working with the classical materials used, avoiding the use of invasive means or inappropriate materials, such as concrete or steel. On the other hand, and opposing tradition, those who continue with the widespread use of concrete without reflecting on its suitability, as a modern building material.
However, restoration with reinforced concrete has a questionable durability, with more damaging than positive effects. Over time, due to external agents, reinforced concrete deteriorates more than traditional materials, being able to attack the stability of repaired building [3] .
In the late century, it is observed that the restorations made with reinforced concrete failed the "test of time". Time has been the primary factor to assess the effects of reinforced concrete in the restoration, checking their efficiency, effectiveness and usefulness. Most cases showed strong degradations, detachment between the original materials and concrete, corrosion of the metal elements and presence of salts, cracks and fissures.
Therefore, a large number of restoration specialists began to discourage the use of reinforced concrete by constant problems was generating, besides considering that this technique was not as durable, supported, or reversible with the ancient buildings.
Alternative in the Architectural Restoration.
Since the end of the 20th century is researched and developed alternatives for the restoration, repair and protection of structures subjected to deterioration caused by years of exposure to environmental elements as well as the natural ageing of materials. These alternatives are designed to carry out a proper and enduring restoration and rehabilitation of monuments and ancient buildings. In each case, the specialist should consider the best solution, understanding the structural behavior of the historic building, performing a methodology for the damage analysis. As well it has shown in recent years, the introduction of reinforcements, either concrete or metal, substantially modified the original structural behavior, because they have different working modes. And they should be aware that these structures become more vulnerable by increasing their stiffness. [4] .
Find an alternative based on natural materials, compatible with the masonry to restore, is the basis of research carried out in recent years. It has emerged a large range of solutions and systems, being appropriate to consolidate and protect the structures of old buildings, with low environmental impact, with regard to the history and nature of the material. For example, the use of special materials, such as thixotropic mortars and epoxy resins, generating a new frame, solve the problems of lack of strength in structural elements.
The use of compatible materials is an essential requirement in all restoration, based on the previous study of the tradition. Traditional materials (lime, gypsum, sand) have already shown their compatibility with the historical constructions (stone, masonry, wood). In this regard, Liu et al. show traditional materials present a good compatibility and reduce the deterioration of the mechanical characteristics of historical materials [5] . Mortar of gypsum or lime get to structurally consolidate the existing buildings, providing security to the stone wall, masonry, solving their structural problems.
Another requirement is the weight of the structure does not increase. This has led to the use of a wide variety of techniques of repair or reinforcement to improve the structural response of historic structures based on what has been called "new materials". Its strength, lightness, excellent behavior to environmental agents, lack of corrosion, make them excellent candidates for use in restoration projects. Among these new materials include fibers: carbon, glass and aramid. For example, for decades, fiberglass rods are being used in projects of restoration and rehabilitation of structures, for its good behavior to tensile and its compatibility with mortars, having similar deformation modules. Fig. 1 Lime concrete + GFRP bar [6] With these premises, research focuses on using traditional materials in accordance with historic buildings, along with innovative materials. This article shows the advantages of the use of lime concrete, internally reinforced with Glass Fiber Reinforced Polymer (GFRP) bars in the rehabilitation of historical buildings (Fig. 1) .
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Advanced Materials, Structures and Mechanical Engineering II Lime Concrete. The use of lime as a binder began in Greek and Roman times. Vitruvius described hydraulic mortars generated from lime, sand and pozzolans [7] . Plinio recommended a proportion of a part of lime by four of sand to make a mortar to use as a bonding in ordinary constructions [8] . Lime concrete Romans, opus caementium, was considered a new and revolutionary material. Its origin is influenced by the tapial technique, to replace the mud with lime in the cores between the facing stone. The wealth of the lime granted to these concrete its special features of plasticity and compactness [9] . The discovery of the hydraulic behavior that provides the mixture of lime and Puzol aggregate, led to large scale construction with this concrete, mixing lime, sand, pozzolan, water, pieces of brick or stone.
Historically, architects and engineers always has been researched, studied and discussed widely on what was the secret of Roman concrete to ensure durability. In 1847, Dr. John Park, who had obtained several patents on the use of concrete, built Sevastopol House (Fig. 2) , with a concrete, which called limecrete, concrete of lime, where the cement was replaced by lime [10]. However, in the 20th century, in most countries the lime was displaced progressively by the cement until its almost total disappearance in the 1950s. Only it remained in use in a few developing countries where it continued being a cheaper material. In the 60 and 70 years, restorers began the reintroduction of this material in the rehabilitation and restoration works, which turned out to be very positive and allowed, among other things, preserve some jobs that were in danger of extinction, and revitalize them with this new market, with great future prospects. Despite all this, today lime remains a marginal product in the construction market against the cement.
The knowledge gained from our ancestors are reasons to continue to ensure the traditional construction systems, living with new materials and techniques developed in the recent decades. Therefore, in the last years, there has been a renewed interest in the use of lime in the construction of floors, slabs, vaults or domes, as well as structural elements such beams or pillars.
The lime is then blended with selected aggregates to produce a range of mortars, which replicate the strength, porosity, adhesion and flexibility of historic mortars. There are numerous studies and projects related to this material, focused on characterizing the mechanical and thermal behavior, because depending mainly on the type of lime or aggregate size used, different behaviors are obtained, achieving favorable structural performance for use in the restoration and rehabilitation of the architectural heritage [11] .
At present, according to recent studies, for the construction of structural elements, such as load bearing walls, slabs or reinforced beams, a mortar made from hydraulic lime with loads pozzolanic is used (Fig. 3) , which presents major initial strength, and becomes a solid heterogeneous material by a hardening process [12, 13] . Fig. 3 Lime Concrete.
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As cement concrete, lime concrete is able to withstand compression which arise. The graph below shows compression strength, which is estimated between 7 and 15 N/mm 2 at 28 days, for this type of concrete [14] (Fig. 4) . This strength varies according to the size of aggregates added and its evolution over time, obtaining higher values as hardens. Glass Fibre Reinforced Polymer bar. In the same way that cement concrete, lime concrete has an inner reinforcement able to withstand traction, made with fibre reinforced polymer. Fibre Reinforced Polymer (FRP) is highly versatile, efficient and economically viable applications. Although several studies, both analytical and experimental, have shown the effectiveness of these systems, its main drawback is that there are no studies of its long-term behavior, because its use is relatively recent. Because of this, caution is recommended when using these materials, mainly in high-value buildings.
Among its many performances, we should mention FRP bars or rods. They have a high mechanical strength for the repair and reinforcement of structures and masonry. Its properties are ideal for the restoration of the structural elements and rehabilitation of historic buildings.
Of all possible fibers, this work focuses on Glass Fibre Reinforced Polymer (GFRP), because its cost and performance is the most commonly used in infrastructure and construction.
Currently GFRP bars are normally manufactured by the pultrusion process. This type of process makes it possible to obtain products with a high fiber content, between 60% and 80% by volume, with a homogeneous distribution of fibers in the cross section of the bar. In such cases, the fibers are impregnated with resin, stretched through a closed heated mold, that compacts and hardens the material, which is wound or cut to a specific length. To improve adhesion to concrete, surface treatments are applied to GFRP bar before full hardening.
GFRP mechanical properties vary depending on the fiber volume, the resin type, the fiber orientation, quality control, manufacturing process, etc. Mechanical properties of GFRP are also affected by the type of the applied load, duration, temperature and humidity. In general, the main properties of GFRP bars are good resistance to electrochemical corrosion, high strength-to-weight ratios, outstanding durability, ease and speed of installation and the ability to tailor mechanical properties.
This research focuses on the use of GFRP bar, made of glass fiber and vinyl-ester resin, with a volume of the 75% fiber, manufactured by pultrusion. And it has a surface coating of silica sand to facilitate its adhesion to concrete. These bars work both tensile and compression, as occurs with
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Advanced Materials, Structures and Mechanical Engineering II traditional reinforcement steel. This is achieved by a specific arrangement of the fibers. This solution is to provide a % fiber volume longitudinally (1), and the rest as a mat or superficial reinforcement (2) , which provides stability to the longitudinal ones to work to compression (Fig. 5 ). This the main contribution of these bars with respect to existing products in the national and international markets [14] . The compressive strength of GFRP studied bar is much smaller than its tensile strength, being approximately 40% to 60% of the latter ( Table 2) . New Structural Material. These two materials, lime concrete and GFRP bar, combine to provide a possible solution to structural problems, caused by the deterioration of the structures made due to the passage of time, or by the introduction of reinforced concrete (with cement) during the 20th century, produce a new material, which replicate the strength, porosity, adhesion and flexibility of historic mortars. As reinforced concrete with cement, lime concrete support compression loads and GFRP bars support tension loads than appear in buildings. 
Conclusion
One aspect of greater complexity in time to approach in the process of restoration and rehabilitation of historic structures is lack of knowledge of the materials that form them. The knowledge of the mechanical behavior of materials to repair and reinforce and its compatibility with existing traditional materials is critical to decide whether they are valid for the purpose which it is intended to use. Historically lime has been the binder used in construction until the appearance of cement. This work has shown the lines of research being carried out in order to obtain a lime concrete, which present the same mechanic characteristics as cement.
It is known that the GFRP bar works with lime mortars perfectly, presenting both materials a modulus of elasticity within the same range. Also GFRP avoids the problem of alkalinity that occurs with cement.
We can say that lime concrete reinforced with GFRP is a viable alternative to replace the reinforced concrete (with cement and steel) in the repair of historic buildings, adopting as mechanical characteristics the values in Table 3 . In this proposal, these characteristics are determined by the values of lime concrete, which are more restrictive.
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